We also performed Raman characterization to determine the oxidized contents.
As shown in Fig. S3e We found that the equilbrium potential (E eq ) shifts to the positive direction by around 50 mV. This can be explained by the increase of copper concentration. We introduce the Nernst half-cell equations to explain the equilibrium potential shifts:
E eq is the equilibrium potential and m is the valence number 2 for Cu 2+ and 1 for Cu 1+ .
a ions is the activity of Cu ions. According to equation (S.1), the potential of calomel reference electrode in 0.1 M Cl -environment is around 334 mv. All the value of voltages in this calculation are voltage with reference to standard hydrogen electrode (SHE). For copper oxidation, we take E eq as +284 mv for coated samples, as +342 0 mv (Cu 2+ ) and valence number as 2. We use the same method to calculate the activity cupric ions of the uncoated copper. It is found that the activity of protected copper is 50 times as much as that of the uncoated copper. 
